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and H B 2  
The extent  t o  which the  compositions of TiB ZrB dare modified 

2, 2 

or otherwise affected by carbon i s  invest igated experimentally 

a t  temperatures up t o  melting, i n  order t o  assess  t h e  e f f e c t s  

of  contact with carbon (graphite) i n  spec ia l  devices or tech- 

nological appl icat ions wherein such contact i s  required. The 

systems a re  prepared by d i r ec t  synthesis and by  the  borocarbide 

process. The eu tec t i c  teaperatures,  eu t ec t i c  coxpositions, a&. 

hypothetical  state diagram a re  determined f o r  these systems. 

The formation of new so l id  phases and hence t h e  s o l u b i l i t y  of 

carbon i n  t h e  diborides a re  found to be negligible.  

vest igated mixtures  a r e  confirmed to be pseudobinary systems. 

I 
The in-  

Titanium diboride TiB, , z i r con im Ciiboride ZrB and hafnium diboride ~ ~ _ r / 5 8 8 *  
- 2, 

have melting points of' 3253 t 100, 3313 t 100, and 3523 2 loo%, respect ively 

(ref. l), and along with graphite a re  amng t h e  most r e f r ac to ry  of materials.  

I n  present-day high-temperature engioeering, it i s  of ten  necessary to deal  with 

contact in te rac t ion  between t h e  borides and graphite. Examples of t h i s  include 

boride-graphite thermocouples ( ref .  2) , high-temperature furnaces, technological 

processes f o r  t he  preparation of borides and various products u t i l i z i n g  them. 

This places considerable importance upon t h e  inves t iga t ion  of borides and t h e i r  

i n t e rac t ion  with graphite. 

*Numbers i n  t h e  margin indicate  pagination i n  the  o r i g i n a l  foreign text. 



There a re  indicat ions i n  t h e  l i t e r a t u r e  t h a t  t he  diborides of t i t a n i q  z i r -  

conium, and hafnium 30 not i n t e r a c t  with carbon ( re f .  3). 

beeo establ ished t h a t  t he  systems Me3 -C (where Me stands for t i tanium, zircon- 

ium,  or hafnium) are  pseudobinary (refs.  4 and 5 ) .  However, none of t h e  p a p e r s  

Furthermore, it has 

2 

devoted t o  the  invest igat ion of in te rac t ion  i n  these sys t em make any mention 

of t h e  s o l u b i l i t y  of carbon i n  t h e  borides, t h e  behavior of t h e  state diagrams, 

or t he  melting temperatures. 

In t h e  work described herein,  we invest igated t h e  in t e rac t ion  of t h e  d i -  

borides  of t i t s n i u m ,  zirconiium, and hafnium with carbon from the  point  of vie?.: 

of t n e  s o l u b i l i t y  of  carbon i n  t h e  borides and the  appearance of l iqtl id phases 

i n  t h e  systems MeB2-C. 

F m  t h e  invest igat ion of t he  so lub i l i t y  of carbon i n  the  borides,  an ex- 

tremely important f a c t o r  i s  the  puri ty  of t h e  i n i t i a l  products, e spec ia l ly  t h e  

borides.  O f  course, t h e  borocarbide method ( re f .  3) has found the  mst wide- 

spread appl icat ion f o r  the  preparation of diborides;  t h i s  method i s  based on 

Borocarbide processes take place a t  -temperature of t he  order 2000 t o  2203°E. 

I f  t h e  diborides of +.itanium. zirconium. and hafnium have a high carbon solubi l -  

i ty ,  one might expect t h a t ,  under t h e  conditions at tendant  upon borocarbide 

processes, borides containing a def ini te  quant i ty  of carbon would be obtained. 

Diborides can a l so  be obtained by synthesis of t he  i n i t i a l  elements under 

conditions t h a t  preclude carbon contamination of  t h e  f i n a l  product. 

W e  prepared and invest igated titanium, zirconium, and hafnium diborides  by 

both methods. 
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For t h e  i n i t i a l  materials i n  the borocarbide method, we used powdered ti- 

tanium oxide containing 0.01% Fe and 0.05% Cu, powdered zirconiwn oxide contain- 

l 
i 2 3' 2 3' 

i ng  0.03s A1 0 0.05% HfQ2, 0.33 CaO, 0.1% Fe 0 0.3% SiOz,  0.2% MgO,  and 

0.0% Ti02, and powdered boron carbide containing 3 0 

carefu l ly  roasted carbon black with an ash content of less than 0.05%. 

and C impurit ies and 
2 3  

For t h e  i n i t i a l  materials i n  the diboride synthesis process, we used 

powdered t i tanium containing 0.04% C y  0.11% S i ,  0.1% N i ,  0.05% m, 0.05% A-1; 
zirconium containing 0.02% Al, 0.05% H f ,  0.05% Fe, 0.01% Yg, 0.1% S i ,  0.035% Ti; 

and hafniim containing 2.8% Z r ,  0.0$ Fe, 0.01'$ Mg, 0.07% S i ,  0.009 T i .  

Th?e mean grain s i ze  of' t'ne powdered z e t a l s  was 5 t o  10 m. T'ae 5oron used 

i n  synthesis had impurit ies of 0.0036$ S i ,  0.013036$ Fe, 0.01% Cu, 0.0033% Mg, 

0.0306% Pb, and 0.0004% Al. 

The t i tanium and zirconium diborides were prepared by the  borocarbide pro- 

cess under conditions described i n  the l i t e ra ture  (ref. 3). 

For synthesis of t h e  diborides, the  powdered metal and boron were mixed i n  

stoichiometric proportion, formed into pe l l e t s ,  and heated i n  a vacuum k i l n  with 

a tungsten heater  a t  a teEperature oZ 1800°K f o r  ono hour. 

The boride powders prepared by both methods were subjected t o  x-ray 1589 

analysis.  

emission, revealed i n  every case t h e  presence of only one phase, t i tanium, z i r -  

conium, or hafnium aiboride. 

Phase x-ray analysis,  performed on t h e  URS-50'1 instrument with copper 

To determine the  l a t t i c e  parameters, we mafie x-ray 

photographs with a KROS-1 camera us ing  copper emission. The parameters were 

calculated for TiB from t h e  l i n e s  r34, E12], [20g, EO&], f x  ZrB, from - - 2 

t h e  l i n e s  f3~321, p20], pj], and for H f B  from t h e  l i n e s ~ l 0 4 ~ , C 3 3 ~ ,  P2g. 2 

The l a t t i c e  parameters of titanium diboride prepared by the borocarbide 

process and by synthesis turned out t o  be equal, respectivelay,  t o :  

3 



a = 3.02 rt 0.01'&, c = 3.21 f 0.05 :a, and a = 3.04 + 0.01 kX; 
c = 3.15 f 0.05 IS; f o r  z i rconim diboride: a = 3.167 2 0.002 kX, 

c I 3.518 f 0.005 kX; a = 3.169 f 0.002 X ,  c = 3.511 rt 0.005 kx. 

parameters of H f B  

The l a t t i c e  

prepared by  smthes i s  of t h e  elements were: a = 3.138 f 0.002 2 

kX, c = 3.468 f 0.005 kX. 

The s o l u b i l i t y  of carbon a t  high temperatures w a s  investigated and t h e  

temperatures for t he  onset of the  l iquid phase determined i n  t h e  systems MeB -C 

i n  a vacum apparatus. 
2 

The powdered titanium, z i r c o n i m ,  and hafnium diborides syxthesized from 

t h e  elements were placed i n  the  hollow of a graphite tube with an outside d i -  

ameter of 8 m snd hollow diameter of 2 m. Th- length of the  tube was 80 m. 

The middle sect ion of t h e  tube was scraped down i n  order t o  diminish i t s  c m s s  

section. The tube, packed with t h e  powder, w a s  secured i n  the  contacts of t he  

vacum apparatus. 

passing current d i r e c t l y  through it. 

pyrometer. The readings of the  pyrometer included corrections f o r  t h e  emission 

coef f ic ien t  of graphite. After keeping a t  t he  given temperature for a de f in i t e  

pzriod, t h e  current was turned o f f  and t h e  t u 5 e  quickly cooled ( the temperature 

dropping approximstely 1000°C i n  the  f i r s t  t e n  seconds). 

tube was taken o u t  and the  boride contents subjected t o  x-ray analysis  and, i n  

t h e  case of m e l t  formation, microstructural  analysis.  

A f t e r  creat ing a vacuum of -lo3 m Hg, the  tube was heated by 

The temperature was measured by an op t i ca l  

After cooling, t he  

The m e l t  formation temperature was considered t o  be the  lowes t  temperature 

a t  which a bead was observed i n  the  hollow of t he  opened tube. 

Titanium diboride melted I n  contact with graphite a t  a temperature of 

256a -I 3a°K, zirconium diboride a t  2500 f 30%, hafnium diboride a t  2610 f 30°K. 

It should be noted t h a t ,  although t h e  absolute e r r o r  i n  measuring the  temperature 
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. 
w a s  30°, t h e  melting temperature vas reproduced within 13' is: repeated t e s t s .  

X-ray phase analysis disclosed t h a t  below tne  t e q e r a t u r e s  a t  which the  

l i qu id  phase was formed, a s  well as  a t  higher temperatures, on ly two phases 

e x i s t  i n  t h e  systems TiB -C, ZrB -C, and H f B  -C: t h e  corresponding diboride and 

carbon. 
2 2 2 

X-ray photographs taken from the melts of  MeB -C pounded in to  powders 
2 

yielded the  following values f o r  t he  l a t t i c e  parameters of t h e  boride phases: 

TiB2: a = 3.03 f 0.01 kX, c = 3.22 jI 0.05 kX; ZrB2: a = 3.163 

c = 3.528 f 0.005 kx; 3~13,: a = 3.136 +. 0.002 k ~ ,  c = 3.471 

0.002 kX, 

0.005 IS. - 
Thotographs of s l i c e s  prepared from t h e  m l t e n  samples a re  shown i n  f igure  

The melts of a l l  th ree  systens have a d i s t i n c t  eu tec t ic  s t ruc ture ,  consist-  

"he composition o f  t h e  eu tec t i c s  

1. 

ing  of graphite and t h e  correspondingboride. 

w a s  determined from s l i c e s  by t h e  planimetric method described i n  reference 6. 

The r e l a t i v e  amount of t he  phases was measured on an I Z A - 2  comparator. 

of a t  least 500 measurements were made f o r  t h e  eu tec t ic  composition of each 

system. 

ZrB2-C, ard HIT -C c m t a i n  15,  1.9, an3 21: m = l . $  diboride, respectively.  

A t o t a l  

It was thus established t h a t  t he  eu tec t ics  i n  t h e  systeas Ti32-C, 

2 

It follows from the  experimental data  t h a t  t h e  s o l u b i l i t y  of  carbon i n  the  

diborides o f  t i t a n i a ,  zirconium, and hafnium i s  very s l igh t ,  since the  diborides 

prepared by d i f f e ren t  methods, as well as diborides heated with carbon above t h e  

eu tec t i c  temperatures i n  t h e  corresponding systems MeB -C have, within the  limits 

of experimental e r ror ,  t he  same l a t t i c  parameters. 
2 

Wllen the  diboride-carbon mixtures were heated t o  d i f f e ren t  temperatures, 1590 
r i g h t  up t o  t h e  melting point, t he  onset of new s o l i d  phases was not detected i n  

any of t h e  systems. 

p seudobinary, which 

Consequently, the  invest igated MeB -C systenns a re  
2 

i s  i n  agreement with the  e a r l i e r  l i t e r a t u r e .  



Figure 1. Ph:vir'grbt 3 -*? Eutect ics  i n  t h e  Systems TiB -C 
(a);  ZrB -L (1;); HfB2-C ( e ) ;  (X 200). 

2 
2 

It i s  apparent f r o m t h e  photographs of t he  sect ions of melted m i x t u r e s  t h a t  

a l l  t h ree  of t he  systems invest igatea have a eu tec t i c  nature.  

t h a t  values obtained for t he  eu tec t ic  temperatures and the  eu tec t i c  composition, 

as  wel l  as  t h e  absence of any appreciable s o l u b i l i t y  of carbon i n  t h e  diborides,  

hypothet ical  diagrams of t he  sys t em TiB - C ,  ZrB -C,  and Ef'B -C were constructed, 

as shown i n  f igure  2. 

Bearing i n  mind 

2 2 2 

The i n f o r m t i o n  gained herein on the  in t e rac t ion  of t i tanium, zirconium, 

and hafnium diborides with carbon motivate t h e  conclusion t h a t  t he  presence of 

carbon i n  a l l  phases of operation w i t h  these  borides will not s ign i f i can t ly  

a f f ec t  t h e  lat ter.  

acceptable as a process f o r  obtaining pure borides. A l l  technological opera- 

t i o n s  for t he  preparation of f inished products u t i l i z i n g  the  powdered borides 

can be car r ied  out i n  the  presence of carbon, i .e.,  hot pressing i n  graphite 

forms and s in t e r ing  i n  graphite tgbe ovens can be applied t o  these mater ia ls  

Hence it follows t h a t  t h e  borocarbide method i s  completely(591 
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Figure 2. Bypothetical S t a t e  Diagrams of the Systems 
T i B 2 - C  (a); ZrB -C (b) ; HI’B2-C (c)  . 

2 

without danger of a l t e r i n g  t h e i r  composition. 

with graphite,  for example, high-temperature boride-graphite thermocouples can 

Diboride products i n  contact 

funct ion sa fe ly  to temperatures 

the  ex terna l  medium. 

2500 O K  without i n t e rac t ing  with 

1. It has been establ ished t h a t  the  s o l u b i l i t y  of carbon i n  the  diborides 

of t i tanium, zirconium, and hafnium a t  high temperatures i s  inconsequential. 

2. It has been confirmed , Z r B  4, and H f B  -C a re  
2 2 

pseudobinary systems. 

3. The eu tec t i c  temperatures and compositions have been ascertained i n  

the  systems TiB -C, ZrB -C, and Hf’B -C and t h e i r  hypothetical  s t a t e  diagrams 

hmTe keen presented. 
2 2 2 
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